Glycolipid biosurfactants, mannosylerythritol lipids (MELs), were produced from glucose and sucrose without vegetable oils. Pseudozyma antarctica JCM 10317, Ustilago maydis NBRC 5346, U. scitaminea NBRC 32730, and P. siamensis CBS 9960 produced mainly MEL-A, MEL-A, MEL-B, and MEL-C respectively. The sucrose-derived MELs showed excellent interfacial properties: low critical micelle concentration as well as that of oil-derived MELs.
Biosurfactants (BSs) produced by a variety of microorganisms have attracted considerable interest due to their biodegradability, mild production conditions, various functions, and so on. 1, 2) Mannosylerythritol lipids (MELs, Fig. 1A ) are among the most promising glycolipid BSs produced by yeast strains of the genus Pseudozyma from vegetable oils at a yield, over 100 g/l.
3) They are particularly interesting because they exhibit not only excellent surface-active properties, but also versatile biochemical actions. 4) In addition, MELs dramatically increase the efficiency of gene transfection mediated by cationic liposomes. 5) Our previous studies on the interfacial and self-assemble properties of MEL-A, MEL-B, and MEL-C produced from vegetable oils revealed that slight differences in molecular structure, including the number of acetyl groups causes drastic differences in critical micelle concentrations (CMC) and immediate formation of liquid-crystalline phases. [6] [7] [8] [9] MEL-A has a drawback in handling of the aqueous solution due to its very low water-solubility and hydrophilicity, limiting its practical application. On the other hand, MEL-B and MEL-C, deacetylated derivatives of MEL-A, have higher hydrophilicity and CMC than MEL-A. Therefore, they appear to be highly advantageous for use in water-in-oil type emulsifiers and/or washing detergents.
In conventional MEL producers such as P. antarctica T-34, 10) P. aphidis DSM 70725, 11) and P. rugulosa NBRC 10877, 3) the products are consistently a mixture of MEL-A (the major component, comprising more than 70% of all the MELs), MEL-B, and MEL-C (Fig. 1A) . P. tsukubaensis was found to produce only the diastereomer type of MEL-B.
12,13) P. hubeiensis KM-59, 14) P. graminicola CBS 10092, 8) P. siamensis CBS 9960, 9) and P. shanxiensis CBS 10075 15) were found to produce mainly MEL-C, with different lengths of fatty acids as the hydrophobic part.
In the above MEL producers, vegetable oil is the best carbon source for MEL production, but this makes the production and recovery processes very complicated. 16) In the case of soybean oil, a complicated separation process of MEL is inevitable due to co-existing byproducts such as free fatty acids, and mono-and di-acylglycerols. On the other hand, we have reported that the use of water-soluble carbon sources such as glucose and glycerol is very advantageous in improving the large-scale production of MEL due to a negligible amount of the above by-products as compared to the use of vegetable oils. 16, 17) Here we investigated sufficient production of MEL-B from sucrose as sole carbon source by a smut fungi, Ustilago scitaminea.
18)
Here we focused our attention on the production of MEL-A, MEL-B, and MEL-C with glucose and sucrose as abundant renewable resources. To accomplish MEL production from glucose and sucrose, known MEL producers, P. antarctica JCM 3941 and JCM 10317, P. aphidis JCM 10318
T , P. thailandica JCM 11753 T , and P. tsukubaensis JCM 10324
T , U. maydis NBRC 5346 and NBRC 6906, and U. scitaminea NBRC 32730 were cultivated in 200-ml Erlenmeyer flasks containing 20 ml of a basal medium (10% w/v glucose, sucrose or olive oil, 0.3% w/v NaNO 3 , 0.03% w/v MgSO 4 , 0.03% w/v KH 2 PO 4 , 0.1% w/v yeast extract, pH 6.0) at 25 C on a reciprocal shaker for 7 d. The products were extracted from the culture medium with equal amounts of ethyl acetate, and were analyzed by thin-layer chromatography (TLC) as described previously. 12) As a standard, the purified MEL fraction produced by P. antarctica T-34 with olive oil was used in the subsequent experiments.
Among the MEL producers tested, four strains, P. antarctica JCM 10317, U. maydis NBRC 5346, U. scitaminea NBRC 32730, and P. siamensis CBS 9960, abundantly secreted a mixture of glycolipids y To whom correspondence should be addressed. Fax: +81-29-861-4660; E-mail: dai-kitamoto@aist.go.jp Biosci. Biotechnol. Biochem., 73 (10), [2352] [2353] [2354] [2355] 2009 Note (Fig. 1B) . On TLC, the main glycolipids produced by P. antarctica JCM 10317 and U. maydis NBRC 5346 showed nearly the same blue spot as the MEL-A of standard. U. scitaminea NBRC 32730 and P. siamensis CBS 9960 provided the main blue spots, similar to MEL-B and MEL-C respectively. No brown spots corresponding to residual oils, free fatty acids, or acylglycerols were detected in the culture with glucose and sucrose. On the other hand, olive oil showed a large number of brown spots together with blue spots of glycolipids. These glycolipids were identified as MEL-A, MEL-B, and MEL-C by NMR and GC-MS analysis, as described below (Tables 1 and 2). MEL was quantified by HPLC on a silica gel column as described previously.
11) On HPLC, purified MEL-A, which was produced with olive oil by P. antarctica T-34, as described previously, was used as the standard. On the basis of the above TLC and HPLC analyses, the purity of MEL produced with glucose and sucrose was clearly higher than that with olive oil. These results indicate the advantage of water-soluble carbon sources in improving large-scale production of MEL by avoiding a complicated recovery process. Further optimization of MEL production conditions should facilitate the utilization of carbon sources and increase production efficiency with a large-scale fermenter.
To confirm the structures of the sucrose-derived glycolipids, the major products were purified by silicagel chromatography and subjected to 1 H NMR spectroscopy ( Table 1 ). The spectra obtained from the major glycolipids by all the strains corresponded well with those of MEL-A, MEL-B, and MEL-C.
12) The main glycolipid of P. antarctica JCM 10317 and U. maydis NBRC 5346 was MEL-A, that of U. scitaminea NBRC 32730 was MEL-B, and that of P. siamensis CBS 9960 was MEL-C as in the results using vegetable oil. The fatty acid compositions of these MELs were also elucidated by GC-MS analysis (Table 2) .
13) The major fatty acids of sucrose-derived MEL from P. antarctica JCM 10317 were mainly C 10 and C 12 acids, U. maydis NBRC 5346 were C 6 , C 14 , and C 16 acids, those of U. scitaminea NBRC 32730 were C 8 , C 10 , and C 12 acids, and those of P. siamensis CBS 9960 were C 16 and C 18 acids. These major fatty acids were somewhat different from those of the vegetable oil-derived MELs. Accordingly, it is expected that there is little practical difference in surfactant properties among these MELs.
Hence we determined the surface tensions of sucrosederived MELs by the Wilhelmy method. The surface (air-water) tension vs. concentration plot of each sucrose-derived MEL in distilled water was measured. The CMC and surface tension at CMC (cmc) of all the MELs were nearly the same as the vegetable oil-derived MEL: the sucrose-derived MEL-A produced by P. antarctica JCM 10317 showed 3:6 Â 10 À6 M of CMC and 25.3 mN/m of cmc, the MEL-A produced by U. maydis NBRC 5346 showed 2:9 Â 10 À6 M of CMC and 28.6 mN/m of cmc, the MEL-B produced by U. scitaminea NBRC 32730 showed 3:7 Â 10 À6 M of CMC and 25.6 mN/m of cmc, and the MEL-C produced by P. siamensis CBS 9960 showed 6:4 Â 10 À6 M of CMC and 29.8 mN/m of cmc. Consequently, the sucrose-derived MELs showed excellent surface-tension lowering activity as well as those from vegetable oil. 4) In conclusion, we report the production of MEL-A, MEL-B, and MEL-C respectively, from glucose and 
TLC analysis of the glycolipids produced by fungal and yeast strains (B). TLC was performed with chloroform-methanol-NH 4 OH (65:15:2) as the solvent system. Visualization was performed by spraying 0.3% of the anthrone-sulfate reagents on a TLC plate and heating it to 90 C for 5 min. The purified fractions of the MELs produced by P. antarctica T-34 were used as a reference. Arrows indicate the main glycolipids. Glu, glucose as the sole carbon source; Suc, sucrose as the sole carbon source; Oil, olive oil as the sole carbon source.
sucrose as sole carbon source. The production of MEL using glucose and sucrose should simplify industrial processes by avoiding the complicated separation process. Sucrose-derived MELs possess potential surface-active properties, and are thus expected to facilitate a broad range of applications of the environmentally advanced biosurfactants. 
